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Fig. 3. Maps showing the three best imagery dates and vegetation classification for a representative medusahead and cheatgrass plot (labeled MD2 and CG2 in
Fig. 2). Panels show A) medusahead quadrat May 19, B) medusahead quadrat June 1, C) medusahead quadrat July 20, D) classified map surrounding medusahead
quadrat, E) cheatgrass quadrat May 19, F) cheatgrass quadrat June 1, G) cheatgrass quadrat July 20, H) classified map surrounding cheatgrass quadrat.

Table 2
Ten best overall (“all cover types™) models ranked by classification accuracy and
Cohen’s kappa.

Experiment Overall Cheatgrass Medusahead
Accuracy Kappa Accuracy Accuracy
All Bands, All Dates 0.645 0.557 0.861 0.921
RGB Only, All Dates 0.633 0.544 0.896 0.912
RGB Only, Days 2, 3, 8 0.630 0.535 0.901 0.887
RGB Only, Days 1, 3, 8 0.624 0.533 0.899 0.887
All Bands, Days 1, 5, 6 0.620 0.527 0.807 0.920
All Bands, Days 1, 5, 7 0.618 0.523 0.816 0.917
All Bands, Days 2, 3, 8 0.614 0.521 0.844 0.883
All Bands, Days 1, 3, 6 0.613 0.522 0.842 0.918
All Bands, Days 2, 3, 6 0.610 0.513 0.836 0.905
All Bands, Days 1, 6, 7 0.609 0.516 0.765 0.920
Table 3

Ten best models for medusahead and cheatgrass ranked by classification accu-
racy and Cohen’s kappa.

Medusahead
accuracy

Experiment Cheatgrass

accuracy

Experiment

75 RGB Only, Days 0.920 All Bands, Days 0.929

1,2,3 5,6,7

81 RGB Only, Days  0.910 All Bands, All 0.921
1,3,4 Dates

96 RGB Only, Days 0.909 All Bands, Days 0.920
2,3,4 1,56

99 RGB Only, Days 0.908 All Bands, Days 0.920
2,3,7 1,6,7

58 All Bands, Days 0.906 All Bands, Days 0.918
3,4,8 1,3,6

97 RGB Only, Days 0.904 All Bands, Days 0.917
2,3,5 1,5,7

57 All Bands, Days 0.904 All Bands, Days 0.916

3,4,7 3,6,7

13 RGB Only,Day3  0.903 RGB Only, Days ~ 0.915
56,7

100  RGB Only, Days 0.901 All Bands, Days 0.914
2,3,8 3,5,6

113 RGB Only, Days 0.901 All Bands, Days 0.913
3,4,7 3,6,8

period between May 19 and June 1 (Figs. 1, 3; Fig. S1). However, if the
goal were to maximize prediction accuracy for medusahead while still
providing accurate predictions for all taxa, an alternative model
(ALL156) used data from all cameras including the NIR bands, was the
fifth best model overall (accuracy loss of 2.5%), the 89th best model for
cheatgrass (accuracy loss of 11.4%), and the third best model for
medusahead (accuracy loss of 0.9%). For our field sites in 2017 this
model required flights on May 15, June 15, and June 23.

Different dates proved more important depending upon whether the
main objective of the study is to identify (a) cheatgrass, (b) medusahead,
or (c) all major cover types. For example, variables from May 19, June 1,
and June 7th had the highest variable importance factor for cheatgrass
whereas June 7, June 23, and July 20th were most important for pre-
dicting medusahead (Fig. 4). In contrast, variable importance in pre-
dicting all cover classes was much more evenly spread across the eight
dates.

3.3. What portions of the spectrum are most useful?

Although the information contributed by the NIR portion of the
spectrum led to improved classification accuracy for medusahead and
for mapping of all plant cover types (but not for cheatgrass individually),
differences were small relative to classifications that used only the
visible spectrum (Tables 3, 4). The RGB-only classifications also resulted
in similar-looking maps with similar spatial distribution of classification
error.

For classification of all plant cover types, the Red band consistently
ranked high in variable importance score from the Random Forest
analysis (Fig. 5a). The Blue band also ranked relatively high. The Green
band generally ranked low except for the 3rd acquisition date, when
cheatgrass was beginning to senesce and medusahead beginning to
green up. The NIR (820-860 nm) and NIR Red Edge (712-722 nm)
bands consistently ranked lower in importance.

The visible bands were also the most important for classifying
cheatgrass, with the top five variables in importance alternating be-
tween Red and Green bands acquired on different dates (Fig. 5c¢). The
two NIR bands (Red Edge and near-infrared) for May 19 and June 1,
dates bounding the interval that separated the active growing stage of
cheatgrass from its onset of senescence, also proved important. The
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Fig. 4. Box and whisker plot showing the average variable importance by date pooling across spectral bands.
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Fig. 5. Variable importance from the Random Forest models for A) all vegetation types classification, B) medusahead classification, and C) cheatgrass classification.

variable importance pattern was somewhat different for medusahead

classification, where the Blue band on June 7 proved most important,

and Blue, Red, and NIR bands acquired on different dates all proved

important (Fig. 5b).
Average importance scores by band and by camera support the
conclusion that the NIR camera and bands are less important than true-
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Fig. 6. Box and whisker plot showing the average variable importance values for spectral bands and cameras, pooling across flight dates. A) Average variable
importance for all spectral bands for the “all vegetation” model, medusahead model, and cheatgrass model. B) Average variable importance for all spectral bands for
the “all vegetation” model, medusahead model, and cheatgrass model. RGB bands include the Blue, Green, and Red wavelengths whereas the Micasense includes the
additional Red Edge and NIR bands. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)



